A Gram-stain-positive, rod-shaped, endospore-forming, aerobic bacterium, designated strain FJAT-25547 T , was isolated from the purplish paddy soil collected from Linshan Township, Yanting Prefecture of Sichuan Province in PR China (31 16¢ N 105 27¢ E). Growth was achieved aerobically at temperatures between 15 and 40 C (optimum 30 C), with between 0 and 10.0 % NaCl (w/v) (optimum 4 %) and in the range of pH 5.0-12.0 (optimum pH 9.0). The cell-wall peptidoglycan contained meso-diaminopimelic acid, and the main isoprenoid quinone was MK-7. The major fatty acids were iso-C 15 : 0 (55.4 %), anteiso-C 15 : 0 (22.2 %), iso-C 16 : 0 (5.1 %) and iso-C 14 : 0 (6.5 %). The main polar lipids were diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine. Phylogenetic analyses based on 16S rRNA gene sequences showed that strain FJAT-25547 T was a member of the genus Bacillus and was most closely related to Bacillus horneckiae DSM 23495 T (97.7 % similarity), Bacillus eiseniae A1-2 T (97.5 %), Bacillus mesophilum IITR-54 T (97.2 %) and Bacillus kochii WCC 4582 T (97.0 %). The average nucleotide identity value between strain FJAT-25547 T and the type strain of the most closely related species, B. horneckiae DSM 23495 T , was 77.7 %, less than the proposed cut-off value of 96.0 % for differentiating species within the genus. The in silico DNA-DNA hybridization value of strain FJAT-25547 T with the most closely related species was 22.7 %, <70 %, again indicating they belong to different taxa. The DNA G+C content of strain FJAT-25547 T was 39
Purple soil is formed from Jurassic and Cretaceous era purple sandstone and purple mudstone or purple-red sandstone and shale. It is said that the purple colour can be retained for an extended time. Most of the purple soil in PR China is rich in calcium (calcium carbonate), phosphorus, potassium and other nutrients [1] . In order to make comprehensive studies on the structures and functions of the agro-ecosystem in the hilly area of the purple soil, the Chinese Academy of Sciences set up Yanting Agro-ecological Experimental Station of Purple Soil in 1980, located in Linshan Township, Yanting Prefecture of Sichuan Province (31 16¢ N 105 27¢ E, 420 m above sea-level), Sphingomonas yantingensis was previously isolated from this site [2] . During our investigation on diversity of species of the genus Bacillus in purple soil, 60 Bacillus strains were isolated and identified with partial sequences of the 16S rRNA gene (Table S1 , available in the online Supplementary Material). Strain FJAT-25547 T could not be assigned to any of the known species of the genus Bacillus, and the aim of the present study was to characterize this potentially novel species by means of a genomics-based polyphasic taxonomy according to the methods described by Liu et al. [3] .
Strain FJAT-25547 T was isolated from the purplish paddy soil collected from Linshan Township, Yanting Prefecture of Sichuan Province in PR China (31 16¢ N 105 27¢ E). The sample was suspended in sterilized water, serially diluted, spread on Luria-Bertani medium (LB) and incubated at 30 C for 48 h. Pure cultures were obtained by several successive single colony isolations. The isolate was stored both on LB slants at 4 C and as suspensions in LB broth with 20 % (v/v) glycerol at À80 C. Type strains of related species were used as references in this study. Unless otherwise specified, the morphological, physiological and chemotaxonomic tests of these strains were performed on LB at 30 C.
Genomic DNA was extracted from a single colony of the novel strain grown on TSA (BD) plates at 30 C for 24 h using a bacteria genomic DNA extraction kit (Shanghai Generay Biotech) according to the manufacturer's instructions. The 16S rRNA gene was amplified and sequenced using the primers and conditions described previously [4, 5] . Pairwise sequence similarities were calculated using a global alignment algorithm implemented in the EzTaxon-e database (http://eztaxon-e.ezbiocloud.net/) [6] . After multiple alignments of data by CLUSTAL X [7] , phylogenetic trees were reconstructed using the neighbour-joining [8] , minimum-evolution [9] and maximum-likelihood [10] methods implemented with MEGA version 6 [11] . Evolutionary distances were computed according to the Jukes-Cantor model [12] . The reliability of each branch was evaluated by bootstrap analysis based on 1000 replications [13] . The 16S rRNA gene sequences used for the phylogenetic comparisons are shown in the maximum-likelihood phylogenetic tree with their strain designations and accession numbers.
An almost-complete 16S rRNA gene sequence (1420 bp) of the novel strain was determined. Phylogenetic analysis using the maximum-likelihood algorithm revealed that strain FJAT-25547 T represented a separate lineage ( Fig. 1 The phylogenetic position was also confirmed by trees generated using the neighbour-joining (Fig. S1 ) and minimum evolution (Fig. S2) algorithms. This analysis suggested that strain FJAT-25547 T may represent a distinct species within the genus Bacillus.
To confirm the 16S rRNA gene sequence similarity results, a more complete analysis was performed using the concatenated sequences of core genes from the wholegenome sequence of the novel species and those of its closest relatives. The genome sequence of strain FJAT-25547 T had recently been sequenced by Hangzhou Tuohong Technology (Zhejiang, PR China). Genomes of the most closely related species chosen above were retrieved from the GenBank database in NCBI. The average nucleotide identity (ANI) calculations were performed using the JSpecies software (http://www.imedea.uib.es/jspecies). The ANIb and ANIm values of strain FJAT-25547 T with the type strain of the most closely related species, B. horneckiae DSM 23495 T , were 77.7 and 84.3 %, respectively (JSpecies) ( Table 1) , and all ANI values were much lower than the 96.0 % cut-off value previously proposed for the genus Bacillus [16, 17] . This clearly indicated that strain FJAT-25547 T belongs to a novel species of the genus Bacillus.
Estimation of in silico DDH (isDDH) was performed using the Genome-to-Genome Distance Calculator (GGDC) [18, 19] . The partial genome files were uploaded to the GGDC 2.0 web interface (http://ggdc.dsmz.de/ggdc.php#), and the Formula 2 was used as recommended for the calculation of isDDH values for incomplete genomes. The isDDH value of strain FJAT-25547 T and B. horneckiae DSM 23495 T was 22.7 %, much lower than 70 % [20] , confirming that they represent different taxa (Table S2 ).
In addition, the genome sequence of strain FJAT-25547 T was compared with those of the closely related type strains B. 
and 12 %) and nine pH values (pH 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0, 12.0 and 13.0, with increments of 1.0 pH unit) were tested in LB broth medium. The following buffers were used for the determination of the pH range: acetate/ citrate (pH 4.0-5.0), KH 2 PO 4 /NaOH (pH 6.0-8.0), NaHCO 3 /Na 2 CO 3 (pH 9.0-10.0) and NaOH (pH 11.0-13.0). Growth in LB was determined by an increase in optical density at 600 nm (OD 600 ) measured with a spectrophotometer (UV-2550; Shimadzu) after incubation for up to 5 days, respectively. Growth of strain FJAT-25547 T occurred at 15-40 C (optimally at 30 C), with between 0 and 10.0 % NaCl (optimum of 4.0 %) and in the range of pH 5.0-12.0 (optimally at pH 9.0). Colony morphology was observed on LB plates after 24 h of aerobic incubation under optimal growth conditions. The Gram staining and KOH lysis tests were carried out according to the methods described by Gregersen [21] and Smibert and Krieg [22] . Cell morphology was observed by transmission electron microscope (HC-1; Hitachi). Endospores were examined according to the Schaeffer-Fulton staining method [23] . Motility was examined on motility agar [24] . Catalase activity was determined by investigating bubble production with 3 % (v/v) H 2 O 2 , and oxidase activity was determined using 1 % (v/v) tetramethyl-p-phenylenediamine. Cell growth under anaerobic conditions was determined in a CO 2 incubator on anaerobically prepared maintenance media. Tests for hydrolysis of casein, starch and aesculin, activities of arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase and urease, citrate utilization, nitrate reduction, Voges-Proskauer test, and indole and H 2 S production were performed using API 20E (Bio-M erieux). Other biochemical characteristics were confirmed by API 50CH and API ZYM kits (BioM erieux) following the manufacturer's instructions. The type strains of three species of the genus Bacillus were used as reference strains in this study, as detailed in Table 1 .
The colonies of strain FJAT-25547 T were circular, light white, smooth and 2-3 mm in diameter. The size of cells were determined by transmission electron microscopy (Hitachi); the rods had a length ranging from 2.1 to 4.3 µm and a diameter ranging from 0.7 to 1.1 µm (Fig. S3) . Strain FJAT-25547 T exhibited catalase activity, but oxidase activity was negative. With API 50CH, reactions of glycerol, ribose, glucose, N-acetylglucosamine and aesculin were positive, other reactions were negative. With API 20E, the nitrate reduction and gelatin hydrolysis reactions were positive, but the other reactions were negative. The following compounds were not utilized as sole carbon or nitrogen sources: glucose, mannose, inositol, sorbose, rhamnose, sucrose, melizitose, amygdalin and arabinose. With API ZYM, alkaline phosphatase, esterase (C4), esterase lipase (C8) and a-glucosidase could be detected, but the other enzymes not. The phenotypic properties that differentiated strain FJAT-25547 T from its closest phylogenetic neighbours are given in Table 1 .
For measurement of chemotaxonomic characteristics, the menaquinone system was analysed as described by Collins [25] using reverse-phase HPLC [26] . Extraction and analysis of polar lipids by two-dimensional TLC was performed according to the method described by Minnikin et al. [27] . For determination of cellular fatty acids, strains were harvested after cultivation on TSA at 30 C for 48 h. The cellular fatty acids in the cell walls were extracted and analysed according to the standard protocol of the Microbial Identification System (MIDI) tested by gas chromatography (model 7890; Agilent) [28] .
The menaquinone profile of strain FAT-25547
T was MK-7 (97.4 %), MK-6 (2.1 %) and MK-8 (0.5 %). The polar lipids detected were phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylserine, three unknown phospholipids and one unknown aminophospholipid (Fig. S4) . The cellular fatty acid profile of strain FAT-25547 T comprised iso-C 15 : 0 (55.4 %), anteiso-C 15 : 0 (22.2 %), iso-C 16 : 0 (5.1 %) and iso-C 14 : 0 (6.5 %) as the major fatty acids (>5 %), which was similar to those of the reference strains. The fatty acid profile of the novel strain was clearly qualitatively and quantitatively different from those of the most closely related species ( Table 2 ). The isoand anteiso-branched fatty acids of the 14-and 17-carbon series are typical for the genus Bacillus [29] . The differences between the fatty acid profiles of strain FAT-25547 T and the reference strains were content of fatty acids; for instance, the content of C 16 : 0 in strain FJAT-25547 T was lower than in the reference strains, while iso-C 14 : 0 , iso-C 17 : 1 !10c and C 16 : 1 !11c were not detected in the most closely related reference strain.
The differences in phenotypic and genotypic characteristics such as nitrate reduction, acid production from carbohydrates, optimum growth pH, tolerance to NaCl and fatty acid composition as well as the DNA-DNA relatedness value can be used to distinguish FJAT-25547 T from the C, bacterial colonies are circular, light yellow, smooth and 2-3 mm in diameter. Catalase-positive but oxidase-negative. Using the API 50CHB system, can produce acid from glycerol, ribose, glucose, N-acetylglucosamine and aesculin, other substrates are negative. With API 20E, nitrate reduction and gelatin hydrolysis reactions are positive, but indole production, b-galactosidase (ONPG), H 2 S production, Voges-Proskauer test, citrate utilization, hydrolysis of urea, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase and tryptophan deaminase are negative. The following compounds are not utilized as sole carbon or nitrogen sources: glucose, mannose, inositol, sorbose, rhamnose, sucrose, melizitose, amygdalin and arabinose. According to API ZYM, produces alkaline phosphatase, esterase (C4), esterase lipase (C8) and a-glucosidase, but not lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, agalactosidase, b-galactosidase, b-glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase or afucosidase. The cell-wall peptidoglycan contains meso-diaminopimelic acid, and the main isoprenoid quinone is MK-7. The main polar lipids are diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine. The main fatty acids are iso-C 15 : 0 and anteiso-C 15 : 0 .
The type strain, FJAT-25547 T (=CCTCC AB 2015208 T =DSM 101002 T ), was isolated from from the purplish paddy soil collected from Linshan Township, Yanting Prefecture of Sichuan Province in PR China. The DNA G+C content of the genome of the type strain is 39.1 mol%.
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